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1
MAGNETIC FIELD GENERATOR

TECHNICAL FIELD

The present invention relates to magnetic field generators,
and more specifically to permanent magnet type magnetic
field generators used in MRI (Magnetic Resonance Imaging)

apparatuses, €tc.

BACKGROUND ART

Conventionally, MRI apparatuses, etc. are known as an
apparatus 1n which a specimen 1s placed 1n a magnetic field
(static magnetic field) generated by a magnetic field generator
and tomographic 1images of the specimen 1s obtained.

FIG. 28 shows a magnetic field generator 1 as an example
of the magnetic field generator used in an MR1 apparatus. The
magnetic field generator 1 includes a pair of plate yokes 3
which are connected with each other by four column yokes 2,
to face each other with a space 1n between. The opposed
surfaces of the plate yokes 3 are each provided with a mag-
netic pole 4. Each magnetic pole 4 includes a permanent
magnet group 4a fixed on the opposed surface of the plate
yoke 3 and a pole piece 45 fixed on an opposed surface of the
permanent magnet group 4a. The permanent magnet group 4a
1s made of a plurality of unillustrated permanent magnets.
Using the permanent magnet group 4a in this way as the
source ol magnetic field generation enables to reduce running
cost as compared to cases 1 which the magnetic field 1s
generated by supplying electric power to electric magnets. It
1s also possible to reduce the size of the apparatus since there
1s no need for an electric power supply apparatus, etc. for
driving the electric magnets.

In order to obtain clear tomographic 1mages, the magnetic
field generator 1 must be able to generate, within a magnetic
field space 3 1n 1ts space, a magnetic field which has a unifor-
mity accuracy within 1x10~* (within 100 PPM) in a range of
0.02 T through 3.0 'T. However, the permanent magnet group
da recently 1s often made of Nd—Fe—B sintered magnets,
which has a residual magnetic flux density temperature coet-
ficient of -0.1%/° C. approx: Magnetic characteristics change
with temperature change, so it 1s difficult to create a uniform
magnetic field of a desired intensity. In an attempt to over-
come this problem, there 1s prevailed a technique as shown 1n
FIG. 29, of covering the four column yokes 2 and the pair of
plate yokes 3 where the magnetic poles 4 are provided, with a
heat insulation member 6 thereby reducing the temperature
change caused by changes 1n ambient temperature 1n each
clement (particularly the permanent magnet group 4a) of the
magnetic field generator 1.

Also, there 1s prevailed a techmique of employing a heater
in addition to the heat insulation member 6 to maintain the
permanent magnet group 4a at a constant temperature. As an
example, Patent Document 1 for example discloses a tech-
nique of providing a surface heater on an inner surface of the
heat 1insulation member 6 and moving the warmed air 1n the
heat 1nsulation member 6 by a fan. Also, Patent Document 2
discloses a technique of providing a surface heater on a sur-
face facing away from the opposed surface in each of the pair
of plate yokes 3. Further, Patent Document 3 discloses a
technique of providing a surface heater on each side surface
of the plate yokes 3. However, the technique according to
Patent Document 1 poses a problem of complication 1n appa-
ratuses related to temperature control since the air must be
forced to move by the fan. In addition, use of air as a heat
transier medium poses another problem that the heat gener-
ated by the surface heater 1s not transferred efficiently to the
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2

permanent magnet group 4a. The techniques according to
Patent Documents 2 and 3 also have the problem of inefficient
transier of heat generated by the surface heater, to the perma-
nent magnet group 4a because the heat diffuses from a surtace
ol the surface heater facing away from the surface that makes
contact with the plate yoke 3.

In an attempt to solve these kinds of problems, Patent
Document 4 discloses a technique of providing a heater inside
the permanent magnet group 4a or the plate yokes 3, etc. The
technique according to Patent Document 4 enables to reduce
diffusion of heat from the heater to outside.

Patent Document 1: JP-A 63-43649

Patent Document 2: JP-A 63-278310

Patent Document 3: JP-A 8-266506

Patent Document 4: WO 99/65392

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

A problem, however, according to the technique 1n Patent
Document 4 1s that heat does not reach easily to places far
from the heater, leading to poor temperature following ability
and temperature controllability of the elements of the mag-
netic field generator which are disposed far from the heater
with respect to the heat generated by the heater. As another
problem, the amount of heat delivered to the elements of the
magnetic field generator varies widely depending on the dis-
tance from the heater, leading to uneven heating among the
clements of the magnetic field generator and nonuniform
temperature distribution. Generally, carbon steel and castiron
used as the column yokes 2 and the plate yokes 3 have a
thermal conductivity of 75 W/m-'K approx. On the contrary,
Nd—Fe—B sintered magnets have a thermal conductivity of
9 W/mK approx, 1.e. lower than the thermal conductivity of
the column yokes 2 and of the plate yokes 3. Further, 1n the
permanent magnet group 4a, mutually adjacent permanent
magnets are bonded to each other by an adhesive which has a
low thermal conductivity. Thus, these problems are likely to
alfect the permanent magnet group 4a 1n particular, and there
has been a risk of not being able to generate a uniform mag-
netic field of a desired intensity.

If many heaters are used to improve temperature following,
ability and temperature controllability or to decrease nonuni-
form temperature distribution, the apparatus will become
complicated, power consumption for heater operation will be
increased, and running cost will be increased.

Therefore, a primary object of the present mnvention 1s to
provide a magnetic field generator capable of generating a
uniform magnetic field of a desired intensity easily and stably
without increasing running cost.

Means for Solving the Problems

According to an aspect of the present invention, there 1s
provided a magnetic field generator which includes a pair of
magnetic poles each including a first permanent magnet
group having a plurality of permanent magnets, and a pole
piece provided on an end surface of the first permanent mag-
net group. The pole pieces are faced to each other with a space
in between. The magnetic field generator further includes:
heating means for supplying heat to at least the pair of mag-
netic poles; and a heat conducting member provided between
mutually adjacent permanent magnets at least 1in part of the
first permanent magnet group.

According to the present invention, heat generated by the
heating means 1s conducted uniformly and quickly by heat
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conducting member which 1s provided between mutually
adjacent permanent magnets 1n the first permanent magnet
group to the adjacent permanent magnets 1n the first perma-
nent magnet group. Theretfore, the magnetic field generator
has a superb temperature following ability and heat control-
lability, and it 1s possible to maintain the first permanent
magnet group at a constant temperature easily and uniformly,
and to generate a uniform magnetic field of a desired intensity
stably. Further, since heat 1s easily conducted to the first
permanent magnet group, 1t 1s possible to reduce energy nec-
essary to drive the heating means so running cost does not
increase.

According to another aspect of the present invention, there
1s provided a magnetic field generator which includes a pair of
magnetic poles each including a first permanent magnet
group having a plurality of permanent magnets, a pole piece
provided on an end surface of the first permanent magnet
group, and a second permanent magnet group including a
plurality of permanent magnets and provided on an outer side
surface of the pole piece. The pole pieces are faced to each
other with a space 1 between. The magnetic field generator
turther includes: heating means for supplying heat to at least
the pair ol magnetic poles; and a heat conducting member
provided between mutually adjacent permanent magnets at
least 1n part of the second permanent magnet group.

There 1s already known a magnetic field generator which
includes a pair of pole pieces each having its outer side
surface provided with a second permanent magnet group for
prevention of magnetic flux leakage. In such a magnetic field
generator, the second permanent magnet group which 1s
placed closely to the space 1s subject to temperature change
associated with ambient temperature change, as compared to
the first permanent magnet group. According to the present
invention, heat generated by the heating means 1s conducted
uniformly and quickly by the heat conducting member which
1s provided between mutually adjacent permanent magnets 1n
the second permanent magnet group to the adjacent perma-
nent magnets in the second permanent magnet group. There-
fore, 1t 1s possible to maintain the second permanent magnet
group which 1s sensitive to the ambient temperature at a
constant temperature easily and uniformly, and to generate a
uniform magnetic field of a desired intensity stably. Further,
since heat 1s easily conducted to the second permanent mag-
net group, 1t 1s possible to reduce energy necessary to drive the
heating means so running cost does not increase.

According to another aspect of the present invention, there
1s provided a magnetic field generator which includes a pair of
magnetic poles each including a first permanent magnet
group having a plurality of permanent magnets, a pole piece
provided 1n an end surface of the first permanent magnet
group, and a plurality of second permanent magnet groups
cach including a plurality of permanent magnets and pro-
vided on an outer side surface of the pole piece. The pole
pieces are faced to each other with a space 1n between. The
magnetic field generator further includes: heating means for
supplying heat to at least the pair of magnetic poles; and a heat
conducting member provided between mutually adjacent sec-
ond permanent magnet groups at least in part of the second
permanent magnet groups.

According to the present invention, heat generated by the
heating means 1s conducted by the heat conducting member
provided between mutually adjacent second permanent mag-
net groups to these mutually adjacent second permanent mag-
net groups uniformly and quickly. Therefore, 1t 1s possible to
maintain the second permanent magnet group which 1s sen-
sitive to the ambient temperature at a constant temperature
casily and uniformly. Further, it 1s possible to reduce tem-
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4

perature difference between mutually adjacent second per-
manent magnet groups, and to generate a uniform magnetic
field of a desired intensity stably. Since heat 1s easily con-
ducted to the second permanent magnet group, 1t 1s possible to
reduce energy necessary to drive the heating means so run-
ning cost does not increase. Further, the arrangement 1s
simple placement of a heat conducting member between
mutually adjacent second permanent magnet groups. This
enables to reduce the number of parts in the magnetic field
generator and to reduce the number of manufacturing steps,
as compared to a case where a heat conducting member 1s
provided between mutually adjacent permanent magnets in
the second permanent magnet group.

It should be noted here that the term “heat conducting
member” means a member which has a thermal conductivity
higher than the thermal conductivity of at least the first per-
manent magnet group and the second permanent magnet
group.

Preferably, the magnetic field generator imncludes a heat
conducting member provided on at least part of a surface of
the second permanent magnet group. By providing a heat
conducting member also on the surface of the second perma-
nent magnet group as described, heat generated by the heating
means 1s conducted more uniformly and quickly to the second
permanent magnet group. Therefore, it becomes possible to
generate a uniform magnetic field of a desired intensity more
stably.

Further preferably, heating means 1s buried in the heat
conducting member. By burying a heating means in the heat
conducting member, heat generated by the heating means 1s
conducted to the heat conducting member without diffusing
to the outside, and therefore it becomes possible to deliver
heat more quickly and efliciently to the permanent magnet
group. Further, since heat 1s conducted to the permanent
magnet group more easily, it becomes possible to further
reduce energy necessary to drive the heating means and to
reduce running cost.

Further preferably, the magnetic field generator includes a
coating material formed on at least part of the permanent
magnets and having a thermal conductivity not lower than
150 W/m-K. By forming a coating material on the permanent
magnets as described, heat generated by the heating means 1s
conducted more uniformly and quickly by the coating mate-
rial to the permanent magnets and thus to the permanent
magnet group. Therefore, 1t becomes possible to generate a
uniform magnetic field of a desired intensity more stably.

Further preferably, the magnetic field generator includes a
temperature sensor disposed near the heating means. By dis-
posing a temperature sensor near the heating means as
described, 1t becomes possible to sense the heat generated by
the heating means quickly and to prevent the heating means
from generating an unnecessary amount of heat. In particular,
when the heating means 1s disposed 1n or near a permanent
magnet group, thermal demagnetization can occur 1n the per-
manent magnets 1f the amount of heat generated by the heat-
ing means becomes excessively large. However, this can be
prevented by placing a temperature sensor near the heating
means.

Further preferably, the magnetic field generator includes a
heat insulation material which covers the permanent magnet
group. By covering the permanent magnet group with a heat
insulation material as described, temperature change 1n the
permanent magnet group caused by changes in the ambient
temperature 1s reduced. Therefore, 1t becomes possible to
maintain the permanent magnet group at a constant tempera-
ture more stably. Further, since heat diffusion from the per-
manent magnet group to the outside becomes less, and the
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temperature decrease of the permanent magnet group
becomes less, 1t becomes possible to further reduce energy
necessary to drive the heating means and to reduce runming
cost. The heat insulation material 1s suitably provided by, for
example, a vacuum insulation material 1 the form of a
vacuum pack of a core material made of 1mnorganic fiber heat
insulation material such as glass wool or foamed plastic heat
insulation material such as foamed polystyrene and foamed
urethane mto a package made of a metal film, etc. which has
a good gas 1nsulation capability.

Further preferably, the magnetic field generator includes a
heat storage member which covers the permanent magnet
group. In this case, the heat storage member holds the heat of
the permanent magnet group, and when the temperature of the
permanent magnet group decreases, heat held in the heat
storage member 1s conducted to the permanent magnet group.
Therefore, 1t 1s possible to maintain the permanent magnet
group at a constant temperature more stably. Further, since
the heat 1s conducted from the heat storage member to the
permanent magnet group when the temperature of the perma-
nent magnet group decreases, 1t becomes possible to further
reduce energy necessary to drive the heating means and to
reduce running cost. Heat storage material included 1n the
heat storage member 1s suitably provided by an inorganic

hydrated salt which has a large heat storage capacity and can
hold heat stably.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 A schematic perspective view of an embodiment of
the present invention.

FI1G. 2 A schematic side view of the embodiment in FIG. 1.

FIG. 3 An example of permanent magnet group provided
on an opposed surface of a plate yoke: FIG. 3(a) 1s a sche-
matic plan view whereas FI1G. 3(d) 1s a schematic side view.

FIG. 4 A disposition mode of a surface heater 1n the per-
manent magnet group 1 FIG. 3: FIG. 4(a) 1s a schematic plan
view whereas FIG. 4(b) 1s a schematic side view.

FIG. 5 A schematic perspective view of a primary portion
of a permanent magnet group which includes heat conducting
members 1n which tubular heaters are buried.

FIG. 6 A primary portion of another permanent magnet
group which includes a heat conducting member 1n which
tubular heaters are buried. FIG. 6(a) 1s a schematic perspec-
tive view ol the permanent magnet group, with the tubular
heaters buried into an end portion of the heat conducting
member extended along a side surface of the permanent mag-
net. FIG. 6(b) 1s a schematic perspective view of the perma-
nent magnet group, with the tubular heaters buried into a
thickened end portion of the heat conducting member.

FIG. 7 Another example of the permanent magnet group
provided on the opposed surface of the plate yoke. FIG. 7(a)
1s a schematic plan view whereas FI1G. 7(b) 1s a schematic side
VIEW.

FIG. 8 Another example of the permanent magnet group
provided on the opposed surface of the plate yoke. FIG. 8(a)
1s a schematic plan view whereas FI1G. 8(b) 1s a schematic side
VIEW.

FIG. 9 Another example of the permanent magnet group
provided on the opposed surface of the plate yoke. FIG. 9(a)
1s a schematic plan view whereas F1G. 9(b) 1s a schematic side
VIEW.

FIG. 10 A perspective view of permanent magnets and heat
conducting members which constitute the permanent magnet
group in FIG. 8.

FI1G. 11 Shows graphs depicting an experimental condition
and an experimental result. FIG. 11(a) shows a time course
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observation of an ambient temperature, FIG. 11(b) shows a
time course observation of the temperature of a permanent
magnet group, and FIG. 11(c) shows a time course observa-
tion of a change rate in an average magnetic field intensity.

FIG. 12 A schematic side view of a magnetic field genera-
tor used 1n the experiment.

FIG. 13 A schematic side view of another embodiment of
the present invention.

FIG. 14 Schematic perspective view of another embodi-
ment of the present invention.

FIG. 15 A schematic side view of the embodiment i FIG.
14.

FIG. 16 An example of permanent magnet group provided
on an outer side surface of the pole piece. FIG. 16(a) 1s a
schematic plan view whereas FIG. 16(b) 1s a schematic side
VIEW.

FIG. 17 A disposition mode of a heat conducting member
covering a surface of the permanent magnet group 1n FI1G. 16.
FIG. 17(a) 1s a schematic plan view whereas FI1G. 17(b) 1s a
schematic side view.

FIG. 18 A schematic side view of another embodiment of
the present invention.

FIG. 19 A schematic side view of another embodiment of
the present invention.

FIG. 20 A schematic sectional view of a vacuum insulation
material and a heat storage member.

FIG. 21 A schematic perspective view of another embodi-
ment of the present invention.

FIG. 22 A schematic side view of the embodiment 1n FIG.
21.

FI1G. 23 A disposition mode of heat conducting members 1n
a plurality of permanent magnet groups provided on an outer
side surface of the pole piece. FIG. 23(a) 1s a schematic plan
view whereas FIG. 23(b) 1s a schematic side view.

FIG. 24 A schematic perspective view of heat conducting,
members as an example, disposed between permanent mag-
net groups provided on an outer side surface of the pole piece,
with tubular heater buried in each heat conducting member.

FIG. 25 A disposition mode of a heat conducting member
covering end surfaces of a plurality of permanent magnet
groups provided on an outer side surface of the pole piece.
FIG. 25(a) 1s a schematic plan view whereas FIG. 25(b) 1s a
schematic side view.

FIG. 26 Another embodiment of the present invention.
FIG. 26(a) 1s a schematic perspective view, FIG. 26(b) 1s a
schematic sectional view, and FIG. 26(c¢) 1s a schematic plan
view ol a primary portion.

FIG. 27 A schematic front view of the permanent magnet
group in FIG. 26.

FIG. 28 A conventional magnetic field generator. FIG.
28(a) 1s a schematic front view whereas FIG. 28(b) 1s a
schematic plan view

FIG. 29 A schematic perspective view of a conventional
magnetic field generator.

LEGEND

10, 10a, 1056, 10c, 104, 10e, 10/, 10g, 200, 300 Magnetic
field generators

12a, 126, 338a, 338b Plate yokes

14a, 14b, 62a, 62b, 202a, 20256 Magnetic poles

16a, 16b, 36a, 36b, 38a, 38b, 40a, 406, 42a, 42b44a, 44b,
46a, 46b, 64a, 64b, 66a, 666, 102a, 1025, 204a, 2045b,
302a, 3025, 304a, 30456, 306a, 3060, 308a, 3085, 310a,
3106, 3224, 3225 Permanent magnet groups

18a, 18b, 3304, 330b Pole pieces
20, 204, 205, 68, 70, 206, 314 Permanent magnets
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22, 22a, 22b, 22¢, 22d, 22¢, 22/, 72, 74, 104, 104a, 106,

316, 318, 320, 324, 326, 332 Heat conducting members
24, 336 lemperature sensors
34, 34a, 345, 334 Tubular heaters
35, 342 Surface heaters
48a, 485, T6a, 7656, 80a, 805 Vacuum 1nsulation materials
56a, 565, 90a, 905, 92a, 925 Heat storage members

312 Coating material

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

Hereinafter, embodiments of the present invention will be
described with reference to the drawings.

Referring to FIG. 1 and FIG. 2, a magnetic field generator
10 according to an embodiment of the present invention 1s a
magnetic field generator for an open type MRI apparatus, and
includes a pair of plate yokes 12a, 125 opposed to each other
with a space 1n between and a pair of magnetic poles 14a, 145.

The magnetic pole 14a includes a permanent magnet group
16a and a pole piece 18a. Likewise, the magnetic pole 145
includes a permanent magnet group 165 and a pole piece 185.
The permanent magnet group 164« 1s fixed on a surface which
1s faced to the plate yoke 125, of the plate yoke 12a. Likewise,
the permanent magnet group 165 1s fixed on a surface which
1s faced to the plate yoke 124, of the plate yoke 1256. The pole
piece 18a 1s fixed on a surface which 1s faced to the permanent
magnet group 165, ol the permanent magnet group 16a. Like-
wise, the pole piece 185 1s fixed on a surface which 1s faced to
the permanent magnet group 16a, of the permanent magnet
group 165. As understood from FIG. 2, 1n the pair of magnetic
poles 14a, 14b as described, the pole pieces 18a, 186 are
opposed to each other, with a space 1n between. Also, as
shown 1n FIG. 2, each of the permanent magnet groups 164,
165 1ncludes a plurality of permanent magnets 20 and a plu-
rality of heat conducting members 22.

As understood from FIG. 3(a) and FIG. 3(b), the perma-
nent magnet group 164 1s an integral body of a plurality of
permanent magnets 20 and a plurality of heat conducting
members 22, formed substantially 1n a disc-like shape. In the
permanent magnet group 164, the heat conducting members
22 are disposed between the permanent magnets 20 which are
adjacent to each other in a predetermined direction [a left-
right direction 1n FIG. 3(a) and FIG. 3(»)], and extend 1n a
predetermined direction [a top-bottom direction i FIG.
3(a)], making a stripe disposition pattern in an end view.

Those permanent magnets 20 which form a circumierential
edge of the permanent magnet group 16a have a curved outer
side surface so as to give the permanent magnet group 16a a
circular section, and a height of 50 mm approx. The other
permanent magnets 20 which form the rest of the permanent
magnet group 16a are formed as rectangular parallelepiped
(substantially cubic), with both end surfaces (the upper sur-
face and the lower surface) having four sides each measuring
50 mm approx, and a height measuring 50 mm approx. The
heat conducting member 22 are platy, having a thickness of
0.35 mm approx. and a height of 100 mm approx.

As shown 1n FIG. 3(b), the permanent magnet group 16a 1s
formed by two tiers of the permanent magnets 20, and thus
has a height of 100 mm approx. In the permanent magnet
group 16a which is fixed on the plate yoke 12a, each perma-
nent magnet 20 and each heat conducting member 22 which
face the opposed surface of the plate yoke 12a make contact
with the opposed surface of the plate yoke 12a (See FIG. 2).
The permanent magnet group 165 1s the same as the perma-

10

15

20

25

30

35

40

45

50

55

60

65

8

nent magnet group 16a, and 1s disposed 1n the same manner as
the permanent magnet group 164, but on the opposed surtace
of the plate yokes 12b.

It should be noted here that 1n the present embodiment, the
permanent magnet groups 16a, 165 are formed substantially
in a disc-like shape (so they have a circular section); however,
the shape of the permanent magnet groups 16a, 165 1s discre-
tional. Note further, that FIG. 3(a) and FIG. 3(b) show the
heat conducting member 22 much thicker than the actual for
casier understanding.

The permanent magnets 20 used in the permanent magnet
groups 16a, 165 are provided by a high saturation magnetic
flux density type Nd—Fe—B sintered magnet for example.
The permanent magnets 20 have a thermal conductivity of 9
W/m-K approx. The permanent magnets 20 as described are
built with a plurality of unillustrated individual magnets,
which are bonded together with adhesive, etc. The heat con-
ducting members 22 are made of aluminum for example. The
heat conducting members 22 have a thermal conductivity not
lower than 150 W/m-K.

As shown 1n FIG. 3(a), the permanent magnet group 16a 1s
provided with temperature sensors 24 on its side surface
along i1ts diameter as 1n an end view. As shown 1n FIG. 3(5) 1n
a side view, the temperature sensors 24 are attached to the side
surface of the permanent magnet group 16a, one on a perma-
nent magnet 20 in the lower tier, and the other on a permanent
magnet 20 right above in the upper tier. The permanent mag-
net group 165 also 1s provided with temperature sensors 24 in
the same manner as described. The temperature sensors 24
are controlled by an unillustrated controller, and temperatures
measured by the temperature sensors 24 (measured tempera-
tures), 1.e. the temperatures of the permanent magnet groups
16a, 165, are obtained by the controller.

It should be noted here that locations and the number of the
temperature sensors 24 are discretional. Also, the temperature
sensors 24 may be provided by any known temperature sensor
which utilizes a thermocouple, resistance thermometer bulb,
thermistor, etc.

Returning to FIG. 1 and FIG. 2, the pole piece 18a includes
a disc-like base plate disposed on the opposed surface of the
permanent magnet group 16a. The base plate 1s made of 1ron
for example. The base plate has a main surface formed with a
silica steel sheet to prevent generation of eddy current. The
silica steel sheet 1s made of a plurality of block-like layers,
and 1s fixed on the base plate. Further, the base plate has a
circumierential edge region formed with an annular projec-
tion 26 of iron for example, 1n order to ncrease magnetic
intensity as well as to improve magnetic field uniformity. In
an 1nner recess on the pole pieces 18a formed by the annular
projection 26, an unillustrated gradient coil 1s disposed. The
pole piece 18b 1s the same as the pole piece 18a.

The plate yokes 12a, 125 are magnetically connected with
cach other by a support yoke 28 which connects rear end
portions of the plate yokes 12a, 125. The plate yokes 12a, 125
are connected with the support yoke 28 substantially at 90
degrees so as to make a generally U-shaped structure 1n a side
view (See FIG. 2). In addition, the plate yoke 12a has 1ts lower
surface (the surface away from the opposed surface) provided
with four legs 30.

The magnetic field generator 10 must be able to generate,
in 1ts magnetic field space F between the pair of pole pieces
18a, 1856 (See FIG. 2), a magnetic field with umiformity accu-
racy within 1x10™* (within 100 PPM) in a range of 0.02 T
through 3.0 T. Magnetic characteristics of the permanent
magnet groups 16a, 166 change as the temperature of the
permanent magnet groups 16a, 160 changes with the room
temperature (ambient temperature) in the room where the
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magnetic field generator 10 1s placed. In order to reduce the
temperature change of the permanent magnet groups 16a,
165, a heat insulation member 32 1s provided (See FIG. 1).
The heat insulation member 32 covers the pair of plate yokes
12a, 1256 provided with the magnetic poles 14a, 145 respec-
tively, the support yoke 28 and the four legs 30.

The heat insulation member 32 1s made, for example, of an
inorganic fiber heat insulation material such as glass wool, or
a foamed plastic heat insulation material such as foamed
polystyrene and foamed urethane. In order to reduce tempera-
ture change more effectively 1n the permanent magnet groups
16a, 160, the heat msulation member 32 may be made of a
vacuum insulation material which has a smaller thermal con-
ductivity than any of the above heat insulation material used
alone. Obviously, an envelope provided by the heat insulation
member 32 will reduce temperature change not only of the
permanent magnet groups 16a, 165 but also of each element
in the magnetic field generator 10.

In order to maintain the permanent magnet groups 16a, 165
at a constant temperature even when the ambient temperature
changes, the magnetic field generator 10 further includes
tubular heaters 34 incorporated (buried) in the plate yokes
12a, 1256. The tubular heaters 34 which serve as heating
means are placed 1n insertion holes provided 1n the side sur-
faces of the plate yokes 12a, 125. When placing the tubular
heaters 34 1n the respective insertion holes provided in the
plate yokes 12a, 12b, spaces around the heaters are com-
pletely filled with heat resistant filler for example, for maxi-
mum heat conduction.

The tubular heater 34 can be built with a metal pipe of
aluminum or stainless steel for example, a heating element
placed therein, and 1nsulation material such as MgO (magne-
sium oxide) filled 1n the metal pipe. The tubular heater 34
generates heat from electric power supplied via lead wires
from an umillustrated temperature adjuster operated by the
controller. Operating time and the amount of heat generation
of the tubular heaters 34 are controlled based on a result of
comparison between measured temperatures obtained from
the temperature sensors 24 and a predetermined target tem-
perature, through adjustment by the controller on the amount
of power supply from the temperature adjuster. Specifically,
the controller gives the temperature adjuster an 1nstruction to
start power supply to the tubular heaters 34 or an 1nstruction
to increase power supply to the tubular heaters 34, inresponse
to decrease 1n the measured temperatures, so as to raise the
measured temperatures to the target temperature. Heat gen-
crated by the tubular heaters 34 1s conducted via the plate
yokes 12a, 12b to each of the permanent magnets 20 of the
permanent magnet groups 16a, 166 and to each of the heat
conducting members 22.

The term “target temperature™ 1s a target value of tempera-
ture to be measured by the temperature sensor 24, 1.¢. a
temperature at which the permanent magnet groups 16a, 165
are to be maintained. Heat generated by the tubular heaters 34
1s conducted not only to the permanent magnet groups 164,
165 but also to each element of the magnetic field generator
10, obviously.

According to the magnetic field generator 10 as the above,
heat which 1s conducted from the tubular heaters 34 via the
plate vokes 12a, 126 to the permanent magnet groups 16a,
166 1s conducted umiformly and quickly through the heat
conducting members 22 which have a greater thermal con-
ductivity than the permanent magnets 20, to adjacent perma-
nent magnets 20 1n the permanent magnet groups 16a, 165b.
Therefore, 1t 1s possible to maintain the permanent magnet
groups 16a, 165 at a constant temperature easily and uni-
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formly, and to generate a uniform magnetic field of a desired
intensity stably 1n the magnetic field space F.

Further, since heat 1s easily conducted to each of the per-
manent magnets 20 1n the permanent magnet groups 16a,
165, it 15 possible to reduce electric power to be supplied to
the tubular heaters 34 and to reduce running cost.

The heat conducting members 22 should preferably be
nonmagnetic members 1n order not to deteriorate uniformity
and stability of the magnetic field intensity 1n the magnetic
field space F. The material for the heat conducting members
22 1s not limited to aluminum which was mentioned earlier,
but the material should preferably have a thermal conductiv-
ity not lower than 150 W/m-K. An example of alternative
materials to aluminum usable for the heat conducting mem-
bers 22 1s copper. As another example, the heat conducting
member 22 may be made of a highly thermal conductive
carbon fiber which has a thermal conductivity of 350 W/m-'K
approx, 1.¢. higher than aluminum and copper, and 1s capable
of achieving more efficient heat conduction to each of the
permanent magnets 20.

The thickness of the heat conducting member 22 1s prefer-
ably not greater than 10 mm although there 1s no specific
limitation. When the thickness of the heat conducting mem-
ber 22 1s not greater than 10 mm, the distance between the
permanent magnets 20 1s not excessively large, and the mag-
netic field intensity in the magnetic field space F 1s not
decreased very much. Uniformaity 1in the magnetic field iten-
sity 1s not decreased very much, either.

Further, instead of or 1n addition to the tubular heaters 34,
any heaters may be used 1n any place or in any number. For
example, the tubular heaters 34 may be buried 1n the support
yoke 28, or as shown 1n FIG. 4(a) and FIG. 4(b), surface
heaters 35 may be provided on side surfaces of the permanent
magnet groups 16a, 16b. As shown in FIG. 4(a), the surface
heaters 35 should preferably make contact with each heat
conducting member 22. This makes possible to conduct heat
more quickly to each of the permanent magnets 20 and thus to
the permanent magnet groups 16a, 16b.

Another variation 1s shown in FIG. 5, where permanent
magnet groups 36a, 366 are formed of permanent magnets
20a and heat conducting members 22¢a including an end pro-
vided with two insertion holes 23. In each insertion hole 23
there 1s provided a tubular heater 34a without any space
remaining inside the hole. Burying the tubular heaters 34q in
the heat conducting members 22a as described enables to
deliver heat which 1s generated by the tubular heaters 34a
ciliciently to the permanent magnet groups 36a, 36 without
allowing the heat to diffuse to the outside as compared to the
use of surface heater 35. Additional insertion holes may be
made on the end of the heat conducting members 22a, and
tubular temperature sensors may be disposed 1n these nser-
tion holes. It should be noted here that FIG. 5 show part of the
permanent magnet groups 36a, 365b.

Generally, the outer diameter of tubular heaters 1s 5 mm
approx. at the smallest, so 1t becomes difficult to bury the
tubular heaters 34q 11 the heat conducting member 1s thin. To
avoid this, as shown 1n FIG. 6(a), permanent magnet groups
38a, 380 may be formed of the permanent magnets 20 and
heat conducting members 225 which have end portions that
follow the side surface of the permanent magnets 20. In this
case, tubular heaters 34a are placed 1n respective 1nsertion
holes 23a provided in the end portions of the heat conducting
members 22b. Likewise, as shown 1n FIG. 6(d), permanent
magnet groups 40a, 405 may be formed of heat conducting
members 22¢ which have thickened end portions, and perma-
nent magnets 205 have a cutout to be fitted by the end portion
of the heat conducting member 22c¢. In this case, the tubular
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heaters 34a are placed 1n insertion holes 235 provided 1n the
thickened end portions of the heat conducting members 22c¢.
It should be noted here that FIG. 6(a) and FIG. 6(b) show part
of the permanent magnet groups 38a, 385, 40a, 40b.

Further, the disposition mode of heat conducting members
1s not limited to the one used in the above-described perma-
nent magnet groups 16a, 16b. FIG. 7 through FIG. 9 show
other disposition mode examples of the heat conducting
members 1n the permanent magnet group.

In FI1G. 7(a) and FI1G. 7(b), permanent magnet groups 42a,
42b are provided, in addition to heat conducting members 22,
with disc-like heat conducting members 22d covering all end
surfaces (upper surfaces and lower surfaces) of permanent
magnets 20 and of heat conducting members 22. With this
arrangement, heat 1s conducted to each of the permanent
magnets 20 and heat conducting members 22 via the heat
conducting members 224 which make contact with the
opposed surfaces of the plate yokes 12a, 1256, allowing the
heat to move further to the heat conducting members 22d
disposed on the opposed-surface side of the permanent mag-
net groups 42a, 42b. Therefore, 1t 15 possible to deliver heat to
cach permanent magnet 20 more uniformly and more quickly
than in the case where only one type of heat conducting
member 22 1s used.

FIG. 8(a) and FIG. 8(b) show permanent magnet groups
d4a, 44b. As understood also from FIG. 10, a heat conducting
member 22¢ 1s disposed between those permanent magnets
20 which are mutually adjacent 1n a top-bottom direction, a
left-right direction or an up-down direction. As 1 an end
view, the heat conducting members 22¢ make a grid-like
disposition pattern extending in the top-bottom and the left-
right directions. As understood from FIG. 8(a) and FIG. 8(b),
cach heat conducting member 22¢ has its end making contact
with another. According to the permanent magnet groups 44a,
44b as described, the heat conducting members 22¢ which 1s
provided between all mutually adjacent permanent magnets
20 enables to deliver heat more uniformly and more quickly
to each of the permanent magnets 20.

FIG. 9(a) and FIG. 9(b) show permanent magnet groups
46a, 465. A heat conducting member 22/ 1s disposed between
selected permanent magnets 20 of those which are mutually
adjacent 1n a top-bottom direction or 1n a left-right direction
as 1n an end view. These heat conducting members 22/ are
disposed 1n a cross-like pattern as 1n an end view. Disposing
the heat conducting members 22/ 1n a cross-like pattern 1n an
end view enables to deliver heat uniformly and quickly to
center regions of the permanent magnet groups 46a, 465
which have major influence on the uniformity and stability of
the magnetic field intensity in the magnetic field space F.

Next, reference will be made to FIG. 11 to describe an
experiment example 1 which magnetic field generators 10
and 200 (See FI1G. 12) are used, and measurements were made
to the temperature of the permanent magnet groups and the
magnetic field mtensity while decreasing the ambient tem-
perature.

The magnetic field generators 10 and 200 differ from each
other only in that the heat conducting members are not pro-
vided between mutually adjacent permanent magnets 206 in
permanent magnet groups 204a, 2045 which constitute a pair
of magnetic poles 202a, 2025 1n the magnetic field generator
200.

As shown in FIG. 11(a), the ambient temperature was
decreased from 25° C. to 20° C. 1n the experiment, and mea-
surements were made for the temperature of the permanent
magnet group 16qa 1n the magnetic field generator 10, and the
temperature of the permanent magnet group 204a 1n the mag-
netic field generator 200. Further, magnetic field intensity
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was measured at a plurality of points 1n the magnetic field
space F ol the magnetic field generator 10 and at a plurality of
points 1n the magnetic field space F of the magnetic field
generator 200. In the experiment, the target temperature was
set to 30° C. for each of the magnetic field generators 10 and
200.

FIG. 11 (b) shows temperature change in the permanent
magnet groups 16a, 204a. Al shows a time course observa-
tion of the measured temperature detected by the temperature
sensor 24 which 1s provided on a permanent magnet 20 1n the
lower tier of the permanent magnet group 164 1n FIG. 2. Bl
shows a time course observation of the measured temperature
detected by the temperature sensor 24 which 1s provided on a
permanent magnet 20 1n the upper tier of the permanent
magnet group 16a 1 FIG. 2. Likewise, A2 shows a time
course observation of the measured temperature detected by
the temperature sensor 24 which 1s provided on a permanent
magnet 206 1n the lower tier of the permanent magnet group
2044 1n F1G. 12, whereas B2 shows a time course observation
of the measured temperature detected by the temperature
sensor 24 which 1s provided on a permanent magnet 206 in the
upper tier of the permanent magnet group 204q 1n FIG. 12.

Comparison between Al, B1 and A2, B2 reveals: All mea-
sured temperature showed decrease as the ambient tempera-
ture decreased. However, the temperature decrease was
smaller in A1, B1 and the temperature came back to the target
temperature more quickly than 1n A2, B2. Difference in tem-
perature decrease, and difference in the length of time neces-
sary to come back to the target temperature were particularly
large between B1 and B2.

This indicates that in the magnetic field generator 10, each
heat conducting member 22 was able to deliver heat quickly
from the plate yoke 12a to each permanent magnet 20, achiev-
ing quicker follow up than 1n the magnetic field generator
200, when the amount of heat from the tubular heaters 34 was
increased. Particularly 1in the magnetic field generator 200,
heat was not delivered as quickly to permanent magnets 206
in the upper tier which did not have contact with the plate
yoke 12a, of the permanent magnet group 204a. On the con-
trary, 1n the magnetic field generator 10, heat was delivered
quickly by the heat conducting members 22 to the permanent
magnets 20 1n the upper tier of the permanent magnet group
16a.

In A2, B2, the measured temperature approached the target
temperature with time, but staggered up and down (indicated
by Arrows X1, X2) around the target temperature before the
temperature stabilized at the target temperature, and 1t took a
long time before the temperature stabilized at the target tem-
perature. This 1s a result of poor heat delivery to the perma-
nent magnet group 204a, which lead to a time lag between
increase in the amount of heat generated by tubular heaters 34
and temperature increase 1n the permanent magnet group
204a. As a result, the permanent magnet group 204a was
supplied with a more amount of heat than necessary to come
back to the target temperature. Such a phenomenon did not
take place in Al, B1.

It should be noted here that the same temperature change
pattern as in FIG. 11(b) should be observed 1n the permanent
magnet group 166 and the permanent magnet group 2045,
obviously.

Next, FIG. 11(c) shows a time course observation on a rate
of change 1n an average magnetic field intensity. C1 repre-
sents a time course observation of a rate of change 1n an
average magnetic field intensity in the magnetic field space F
of the magnetic field generator 10, whereas C2 represents a
time course observation of a rate of change 1n an average
magnetic field intensity 1n the magnetic field space F of the
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magnetic field generator 200. The term “average magnetic
field intensity” means an average of magnetic field intensity
measurements at a plurality of points 1n the magnetic field
space L.

Comparison between C1 and C2 reveals: A maximum
value of the rate of change in the average magnetic field
intensity was 300 PPM 1n C1, whereas 1n C2, a maximum
value of the rate of change in the average magnetic field
intensity was 500 PPM. In C2, 1t took time for the permanent
magnet groups 204a, 2045 of the magnetic field generator
200 to stabilize at the target temperature [See also areas
indicated by Arrows X1, X2 1n FIG. 11(b)]. Because of this,
the rate of change in the average magnetic field intensity
staggered up and down (indicated by Arrow X3) around 0
PPM betore it stabilized at O PPM, and it took a long time
before stabilizing at 0 PPM. Such a phenomenon did not take
place 1n C1.

Thus, 1t 1s understood that 1n the magnetic field generator
10, temperature change i1s small in the permanent magnet
groups 16a, 165 and it 1s possible to come back to the target
temperature 1n a short time; therefore, it 1s possible to gener-
ate a magnetic field of a desired intensity more stably 1n the
magnetic field space F than the magnetic field generator 200.

Next, description will cover a magnetic field generator 10a
as another embodiment of the present invention, with refer-
ence to F1G. 13.

The magnetic field generator 10a 1s the magnetic field
generator 10 which 1s provided with vacuum insulation mate-
rials 48a, 486 covering the permanent magnet groups 16a,
166 respectively, and covers 50a, 505 covering the vacuum
insulation materials 48a, 48b respectively. All the other
aspects are the same with the magnetic field generator 10 and
description will not be repeated for the same parts.

The vacuum insulation material 48a 1s formed annularly, to
have an inner diameter essentially the same as the outer
diameter of the permanent magnet group 164, and 1s disposed
on the opposed surface of the plate yoke 12a to cover the side
surface of the permanent magnet group 16a. The vacuum
insulation material 485 1s essentially the same as the vacuum
insulation material 48a, and 1s disposed 1n the same manner as
the vacuum insulation material 48a, on the opposed surface of
the plate yoke 125 to cover the side surface of the permanent
magnet group 16b.

The cover 50a 1s fixed on the opposed surface of the plate
yoke 12a, and covers the outer circumierence of the vacuum
insulation material 48a, thereby limiting movements of the
vacuum insulation material 48a which makes contact with the
side surface of the permanent magnet group 16a. Likewise,
the cover 505 1s fixed on the opposed surface of the plate yoke
125 so as to limit movements of the vacuum insulation mate-
rial 48b.

Hach of the vacuum insulation materials 48a, 485 includes
porous core material 52 made of glass wool as an example of
inorganic fiber heat msulation material, and a package 54
made of a laminated aluminum film for holding the core
material 52. Inside of the package 54 1s vacuum, and the
vacuum insulation maternals 48a, 485 are provided as vacuum
packs of the core material 52 1n the package 54. The vacuum
insulation materials 48a, 486 as described have a thermal
conductivity 01 0.01 W/m-K approx. Obviously, a higher level
of vacuum 1n the package 54 will provide a smaller thermal
conductivity.

According to the magnetic field generator 10aq as
described, the vacuum insulation materials 48a, 4856 cover the
permanent magnet groups 16a, 165 respectively, thereby pre-
venting heat from diffusing from the permanent magnet
groups 16a, 165 to the outside, to reduce temperature change
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of the permanent magnet groups 16a, 165 due to ambient
temperature change. Therelore, 1t 1s possible to maintain the
permanent magnet groups 16a, 165 at a constant temperature
more stably.

Further, since heat does not diffuse easily from the perma-
nent magnet groups 16a, 165 to the outside and therefore the
temperature of the permanent magnet groups 16a, 165 does
not decrease easily, it becomes possible to reduce electric
power to be supplied to the tubular heaters 34 and to reduce
running cost.

The vacuum insulation materials 48a, 485 may be provided
by a plurality of arcuate members.

The matenal for the core material 52 1s not limited to glass
wool; any foamed plastic heat insulation material such as
foamed polystyrene and foamed urethane or any other mate-
rial may be used. Likewise, the material for the package 54 1s
not limited to the laminated aluminum film; plastic film, etc.
may be used to form the package 54.

Next, description will cover a magnetic field generator 1056
which 1s also shown in FIG. 13 as 1s the magnetic field
generator 10a. The magnetic field generator 1056 ditfers from
the magnetic field generator 10a 1n that 1t uses heat storage
members 56a, 56 1n place of the vacuum insulation materials
48a, 48b. All the other aspects are the same with the magnetic
field generator 10a and description will not be repeated for the
same parts.

Each of the heat storage members 56a, 565 includes a heat
storage material 58 and a package 60 which 1s formed of a
synthetic resin such as polypropylene for holding the heat
storage material 8. The heat storage material 58 1s preferably
provided by an inorganic hydrated salt which has a high heat
storage capacity and 1s able to hold the heat stably. Without
any specific limitation to the kind of inorganic hydrated saltto
be used as the heat storage material 38, the inorganic hydrated
salt should preferably be fire retardent. Examples include
calctum chloride hydrates, sodium sulfate hydrates, and
sodium acetate hydrates. Other examples than the 1norganic
hydrated salts usable as the heat storage material 38 are
organic compounds such as paraifin. Regardless of the selec-
tion, the heat storage material 58 should pretferably have a
heat storage capacity not smaller than 100 J/g and be fire
retardent.

According to the magnetic field generator 105 as
described, the heat storage material 58 in each of the heat
storage members 56a, 566 keeps the heat of the permanent
magnet groups 16a, 1656. When the temperature of the per-
manent magnet groups 16a, 165 decreases, heat held in the
heat storage material 538 1s conducted to the permanent mag-
net groups 16a, 16b. Therelore, it 1s possible to maintain the
permanent magnet groups 16a, 165 at a constant temperature
more stably.

Further, when the temperature of the permanent magnet
groups 16a, 165 decreases, heat 1s conducted from the heat
storage material 58 to the permanent magnet groups 16a, 165,
s0 1t 1s possible to reduce electric power to be supplied to the
tubular heaters 34 and to reduce running cost.

Next, reference will be made to FIG. 14 and FIG. 15, to
describe a magnetic field generator 10¢ as another embodi-
ment of the present invention.

The magnetic field generator 10¢ 1s the magnetic field
generator 10 1n which the pair of magnetic poles 14a, 145 are
replaced by a pair of magnetic poles 62a, 625. All the other
aspects are the same with the magnetic field generator 10 and
description will not be repeated for the same parts.

The magnetic pole 62a includes a permanent magnet group
64a, a pole piece 18a, and a plurality of permanent magnet
groups 66a. Likewise, the magnetic pole 625 includes a per-
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manent magnet group 645, a pole piece 185 and a plurality of
permanent magnet groups 66b.

As shown 1n FIG. 15, the permanent magnet group 64a 1s
provided by a plurality of permanent magnets 68, and 1s fixed
on the opposed surface of the plate yoke 12a. Likewise,
permanent magnet group 646 1s provided by a plurality of
permanent magnets 68, and 1s fixed on the opposed surface of
the plate yoke 1254. The pole piece 18a 1s fixed on the opposed
surface of the permanent magnet group 64a. Likewise, the
pole piece 18b 1s fixed on the opposed surface of the perma-
nent magnet group 645. The permanent magnet groups 664
are fixed on an outer side surface of the pole piece 18a to
prevent magnetic flux leakage. Likewise, the permanent mag-
net groups 666 are fixed on an outer side surtace of the pole
piece 185 to prevent magnetic tlux leakage.

It should be noted here that 1n the present embodiment, the
permanent magnet groups 64a, 64b serve as the first perma-
nent magnet groups whereas the permanent magnet groups
66a, 66b serve as the second permanent magnet groups.

Asunderstood from FI1G. 16(a) and FIG. 16(b), the perma-
nent magnet group 66a 1s an integral body of a plurality of
permanent magnets 70 and a plurality of heat conducting
members 72 formed substantially 1n a rectangular parallel-
epiped which has a side surface shaped to fit the outer side
surface of the pole piece 18a. As shown i FIG. 16(a) and
FIG. 16(b), 1n the permanent magnet group 66a, the perma-
nent magnets 70 are placed 1n a front-rear direction [top-
bottom direction 1n FIG. 16(a)] 1n two rows, as well as 1n two
tiers. Further, in the permanent magnet group 66a, the heat
conducting members 72 are disposed between the permanent
magnets 70 which are adjacent to each other 1n a predeter-
mined direction [a left-right direction 1n FIG. 16(a) and FIG.
16(bH)], and extends 1n a predetermined direction [a top-bot-
tom direction i FIG. 16(a)], making a stripe disposition
pattern 1n an end view. In the permanent magnet group 664
which 1s fixed on the pole piece 184, each of the permanent
magnets 70 and heat conducting members 72 facing the pole
piece 18a makes contact with the pole piece 18a. The perma-
nent magnet group 665 1s essentially the same as the perma-
nent magnet group 66a, and 1s provided on the pole piece 185
in the same manner as 1s the permanent magnet group 66a.

The permanent magnets 70 used 1n the permanent magnet
groups 66a, 6656 are provided by a high coercivity type
Nd—Fe—B magnet. The permanent magnets 70 have a ther-
mal conductivity of 9 W/m-K approx. The permanent mag-
nets 70 as described are built with a plurality of unillustrated
individual magnets, which are bonded together with adhe-
stve, etc. The heat conducting members 22 are made of alu-
minum for example, and have a thickness of 0.35 mm. The
heat conducting members 72 have a thermal conductivity not
lower than 150 W/m-K. It should be noted here that FIG.
16(a) and FIG. 16(d) show the heat conducting member 22
thicker than the actual for easier understanding.

Returning to FIG. 14 and FIG. 15, heat which 1s generated
by the tubular heaters 34 1s conducted to the plate yokes 12a,
125, the permanent magnet group 64a, 645 and then the pole
pieces 18a, 185 1n this sequence, and 1s conducted to each of
the permanent magnets 70 and heat conducting members 72
in the permanent magnet groups 66a, 665.

According to the magnetic field generator 10c¢ as the above,
heat which 1s conducted from the tubular heaters 34 via the
pole pieces 18a, 185 to the permanent magnet groups 66a,
6650 1s conducted to mutually adjacent permanent magnets 70
uniformly and quickly through the heat conducting members
72 which have a greater thermal conductivity than the perma-
nent magnets 70. Therefore, even if the permanent magnet
groups 66a, 660 are close to the space and are sensitive to
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ambient temperature, 1t 1s possible to maintain a constant
temperature easily and uniformly, and to generate a uniform
magnetic field of a desired intensity stably in the magnetic
field space F.

Further, since heat 1s easily conducted to each of the per-
manent magnets 70 1n the permanent magnet groups 66a,
660, 1t 1s possible to reduce electric power to be supplied to
the tubular heaters 34 and to reduce running cost.

The heat conducting members 72 should preferably be a
nonmagnetic member in order not to decrease uniformity and
stability of the magnetic field intensity 1n the magnetic field
space F. The material for the heat conducting member 72 1s
not limited to aluminum which was mentioned earlier, and the
heat conducting member 72 may be provided by copper, or a
highly thermal conductive carbon fiber, etc.

Further, the disposition mode of the heat conducting mem-
bers 1s not limited to the one used 1n the permanent magnet
groups 66a, 66b: For example, the heat conducting members
may be placed between all of the permanent magnets 70
which are mutually adjacent in the front-rear direction, the
lett-right direction or the up-down direction.

Further, the arrangement used for the permanent magnet
group 36a, 360 (See FIG. 5) may also be used; specifically,
the permanent magnet groups 66a, 666 may use a heat con-
ducting member formed with insertion holes and tubular
heaters may be placed in these insertion holes. Burying the
tubular heaters 1n the heat conducting members enables to
deliver heat generated by the tubular heaters efliciently to
cach of the permanent magnets 70 in the permanent magnet
groups 66a, 665 without allowing the heat to diffuse to the
outside.

Also, as shown 1n FI1G. 17(a) and F1G. 17(b), a plurality of

platy heat conducting members 74 may cover the surfaces of
permanent magnet groups 66a, 66b. This enables to deliver
heat more uniformly and quickly to each of the permanent
magnets 70, and therefore to maintain the permanent magnet
groups 66a, 665, which 1s sensitive to ambient temperature,
more stably and uniformly at a constant temperature, and
thereby to generate a uniform magnetic field of a desired
intensity 1n the magnetic field space F more stably. Also, heat
conducting members provided with insertion holes may be
used to cover surfaces of the permanent magnet groups 66a,
665, with the insertion holes of the heat conducting members
provided with tubular heaters.

Further, the permanent magnet groups 64a, 645 may be
replaced by the permanent magnet groups 16a, 1656 described
carlier, as exemplified 1n FIG. 18 by a magnetic field genera-
tor 10d. This enables to maintain the permanent magnet
groups 16a, 165, 66a and 665 at a constant temperature easily
and uniformly and thus to generate a umiform magnetic field
of a desired intensity in the magnetic field space F more
stably. Also, heat 1s efficiently conducted through the heat
conducting members 22 to the permanent magnet groups 164,
165, then to the pole pieces 18a, 185 and to the permanent
magnet groups 66a, 6656 quickly, so 1t 1s possible to reduce
clectric power to be supplied to the tubular heaters 34 and to
reduce running cost.

Next, reference will be made to FIG. 19 to describe a
magnetic field generator 10e as another embodiment of the
present 1nvention.

The magnetic field generator 10e 1s the magnetic field
generator 104 provided with vacuum insulation materials
76a, 76b which cover the permanent magnet groups 16a, 165
respectively, covers 78a, 785 which cover the vacuum 1nsu-
lation materials 76a, 765 respectively, and vacuum 1nsulation
materials 80a, 805 which cover the permanent magnet groups
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66a, 66b respectively. All the other aspects are the same with
the magnetic field generator 104 and description will not be
repeated for the same parts.

The vacuum insulation material 76a 1s formed annularly, to
have an inner diameter essentially the same as the outer
diameter of the permanent magnet group 164, and 1s disposed
on the opposed surface of the plate yoke 12a to cover the side
surface of the permanent magnet group 16a. The vacuum
insulation material 765 1s essentially the same as the vacuum
insulation material 76a, and 1s disposed 1n the same manner as
the vacuum insulation material 76a, on the opposed surface of
the plate yoke 12b.

The cover 78a, which 1s fixed on the opposed surface of the
plate yoke 12a, and covers the outer circumierence of the
vacuum insulation material 76a, thereby limiting movements
of the vacuum 1nsulation material 76a which makes contact
with the side surface of the permanent magnet group 16a.
Likewise, the cover 785 1s fixed on the opposed surface of the
plate yoke 126 so as to limit movements of the vacuum
insulation material 76b.

The vacuum insulation material 80a 1s formed to have
essentially a U-shaped section, and 1s disposed to cover the
outer surfaces of the permanent magnet groups 66a. The
vacuum insulation material 805 1s essentially the same as the
vacuum 1nsulation material 80a, and 1s disposed in the same
manner as the vacuum insulation material 80a, to cover the
outer faces of the permanent magnet groups 665.

As shown 1n FIG. 20, the vacuum 1nsulation material 76a
includes a core material 82 and a package 84 which holds the
core material 82, and 1s provided as a vacuum pack of the core
material 82 in the package 84. The vacuum insulation mate-
rial 765 1s the same. The vacuum insulation material 80a
includes a core material 86 and a package 88 which holds the
core material 86, and 1s provided as a vacuum pack of the core
material 86 in the package 88. The vacuum insulation mate-
rial 804 1s the same. The vacuum insulation materials 764,
760, 80a and 80b each have a thermal conductivity of 0.01
W/m-K approx. The core materials 82, 86 are made of the
same material as used 1n the core material 32 for the vacuum
insulation materials 48a, 486 described earlier whereas the
packages 84, 88 arec made of the same material as used in the
package 54 for the vacuum insulation materials 48a, 4856
described earlier.

According to the magnetic field generator 10e as described,
the vacuum 1nsulation materials 76a, 765, 80a and 805 cover
the permanent magnet groups 16a, 165, 66a and 66 respec-
tively, thereby prevent heat from diffusing from the perma-
nent magnet groups 16a, 165, 66a and 665 to the outside,
reduce temperature change of the permanent magnet groups
16a, 165, 66a and 665 due to ambient temperature change.
Therefore, 1t 1s possible to maintain the permanent magnet
groups 16a, 165, 66a and 665 at a constant temperature more
stably.

Further, heat diffusion from the permanent magnet groups
16a, 1656, 66a and 665 to the outside 1s decreased and tem-
perature decrease 1n the permanent magnet groups 16a, 165,
66a and 665 1s less; therefore 1t 1s possible to reduce electric
power to be supplied to the tubular heaters 34 and to reduce
running cost.

It should be noted here that the magnetic field generator
10¢ may be provided with the vacuum insulation matenals
76a, 765 alone or with the vacuum insulation materials 80a,

805, alone.

Next, description will cover a magnetic field generator 107
which 1s also shown 1n FIG. 19 as 1s the magnetic field
generator 10e. The magnetic field generator 10f uses heat
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storage members 90a, 90b, 92a and 926 1n place of the
vacuum 1nsulation materials 76a, 765, 80a and 8054.

As shown 1 FIG. 20 the heat storage members 90q
includes a heat storage material 94 and a package 96 which
holds the heat storage material 94. The heat storage member
9056 1s the same. The heat storage member 92a includes a heat
storage material 98 and a package 100 which holds the heat
storage material 98. The heat storage member 925 1s the same.
The heat storage materials 94, 98 are made of the same
material as used 1n the heat storage material 58 for the heat
storage members 36a, 566 described earlier whereas the
packages 96, 100 are made of the same material as used 1n the
package 60 for the heat storage members 56a, 565 described
carlier.

According to the magnetic field generator 107 as described,
the heat storage material 94 1n each of the heat storage mem-
bers 90a, 906 keeps the heat of the permanent magnet groups
16a, 165, and the heat storage material 98 in each of the heat
storage members 92a, 926 keeps the heat of the permanent
magnet groups 66a, 6656. When the temperature of the per-
manent magnet groups 16a, 165 decreases, heat held in the
heat storage material 94 1s conducted to the permanent mag-
net groups 16a, 160. When the temperature of the permanent
magnet groups 66a, 660 decreases, heat held in the heat
storage material 98 1s conducted to the permanent magnet
groups 66a, 665. Therelore, 1t 1s possible to maintain the
permanent magnet groups 16a, 165, 66a and 66 at a constant
temperature more stably.

Further, when the temperature of the permanent magnet
groups 16a, 165 decreases, heat 1s conducted from the heat
storage material 94 to the permanent magnet groups 16a, 165,
and when the temperature of the permanent magnet groups
66a, 666 decreases, heat 1s conducted from the heat storage
material 98 to the permanent magnet groups 66a, 66b. Thus,
it 1s possible to reduce electric power to be supplied to the
tubular heaters 34 and to reduce running cost.

It should be noted here that 1n the magnetic field generator
10e, the vacuum insulation materials 80aq, 8006 may be
replaced by the heat storage members 92a, 92b. Likewise, in
the magnetic field generator 10/, the heat storage members

924, 925 may be replaced by the vacuum 1nsulation maternials
80a, 805.

Next, reference will be made to FIG. 21 and FIG. 22, to
describe a magnetic field generator 10g as another embodi-
ment of the present invention.

The magnetic field generator 10g 1s the magnetic field
generator 10c described earlier, in which the permanent mag-
net groups 66a, 660 arc replaced by permanent magnet
groups 102a, 1025, with a heat conducting member 104
placed between mutually adjacent permanent magnet groups
102a as well as between mutually adjacent permanent magnet
groups 102b. All the other aspects are the same with the
magnetic field generator 10¢ and description will not be
repeated for the same parts.

As understood from FIG. 23(a) and FI1G. 23(b), the perma-
nent magnet groups 102q are fixed on an outer side surface of
the pole piece 18a, and each 1s made of a plurality of unillus-
trated permanent magnets formed substantially 1n a rectan-
gular parallelepiped which has a side surface shaped to fit the
outer side surface of the pole piece 18a. Further, mutually
adjacent permanent magnet groups 102a sandwich the heat
conducting member 104. The permanent magnet groups 102a
and the heat conducting members 104 are provided as a
single-piece structure, with each making contact with the pole
piece 18a. The permanent magnet groups 10256 and the heat
conducting members 104 which are provided on the outer
side surface of the pole piece 185 have the same structure.
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It should be noted here that 1n the present embodiment, the
permanent magnet groups 64a, 645 serves as the first perma-
nent magnet groups whereas the permanent magnet group
1024, 1025 serves as the second permanent magnet groups.

The permanent magnet groups 102a, 1025 are made of the
same kind of permanent magnets as the permanent magnets
70 used 1n the permanent magnet groups 66a, 6656. Also, the
heat conducting members 104 are made of the same kind of
material as used for the heat conducting members 72
described earlier.

Returming to FIG. 21 and FIG. 22, heat which 1s generated
by the tubular heaters 34 1s conducted to the plate yokes 12a,
125, the permanent magnet groups 64a, 645 and then the pole
pieces 18a, 185 1n this sequence, and 1s conducted to each of
the permanent magnet groups 102a, 1025 and heat conduct-
ing members 104.

According to the magnetic field generator 10¢g as the above,
heat of the tubular heater 34 which 1s conducted from the pole
pieces 18a, 185 1s conducted uniformly and quickly through
the heat conducting members 104, to each of the permanent
magnet groups 102a, 1025. Therelfore, even 11 the permanent
magnet groups 102a, 1025 are sensitive to ambient tempera-
ture, 1t 1s possible to maintain the permanent magnet groups
102a, 1025 at a constant temperature easily and uniformly, to
reduce temperature difference in each of the permanent mag-
net groups 102a, 10256, and to generate a uniform magnetic
field of a desired intensity stably 1n the magnetic field space F.

Further, since heat 1s easily conducted to each of the per-
manent magnet groups 102a, 1025, 1t 1s possible to reduce
clectric power to be supplied to the tubular heaters 34 and to
reduce running cost.

Further, the arrangement only requires placement of a heat
conducting member 104 at each gap between mutually adja-
cent permanent magnet groups 102a, and between mutually
adjacent permanent magnet groups 1025. This enables to
reduce the number of parts 1n the magnetic field generator, to
reduce the number of manufacturing steps, and to reduce
manufacturing cost as compared to the permanent magnet
groups 66a, 665 described above 1n which a heat conducting
member 72 1s disposed between mutually adjacent permanent
magnets 70.

It should be noted here that, as shown 1n FIG. 24, the heat
conducting members 104 may be replaced by heat conducting
members 104a which are formed with insertion holes 105,
and tubular heaters 345 may be placed 1n these imnsertion holes
105 1n place of the tubular heaters 34 or in addition to the
tubular heaters 34. Burying the tubular heaters 345 1n the heat
conducting members 104a as described enables to deliver
heat efficiently to each of the permanent magnet groups 102a,
1026 without allowing the heat which 1s generated by the
tubular heaters 345 to diffuse to the outside.

Further, as shown 1n FIG. 25(a) and FIG. 25(5), both end

surfaces (upper surface and lower surface) in each of the
permanent magnet groups 102a, 10256 and 1n each of the heat
conducting members 104 may be covered by a platy, annular
heat conducting members 106. This enables to deliver heat to
cach of the permanent magnet groups 102a, 1025 more uni-
formly and quickly. Therefore, 1t 1s possible to maintain the
permanent magnet group 102a, 1025 which are sensitive to
ambient temperature, more stably and uniformly at a constant
temperature and to generate a uniform magnetic field of a
desired intensity more stably in the magnetic field space F.

Further, the permanent magnet groups 64a, 646 may be
replaced by the permanent magnet groups 16a, 165 described
carlier. This enables to maintain the permanent magnet
groups 16a, 160, 102a and 1025 easily and uniformly at a
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constant temperature, and to generate a uniform magnetic
field of a desired 1ntensity more stably 1n the magnetic field
space L.

Further, vacuum 1nsulation materials or heat storage mem-
bers which have an essentially U-shaped section and are
shaped annularly may be disposed to cover each of the per-
manent magnet group 102a, 1025 and heat conducting mem-
bers 104. This enables to maintain each of the permanent
magnet groups 102a, 1026 at a constant temperature more
stably.

Next, the present invention 1s also applicable to a box type

magnetic field generator 300 as shown in FIG. 26(a). Here-
iafter, reference will be made to FIG. 26(a) through FIG.

26(c¢) to describe the magnetic field generator 300 as another
embodiment of the present invention.

r

I'he magnetic field generator 300 includes a pair of rectan-
gular parallelepiped permanent magnet groups 3024, 3025
[See FIG. 26(b)]. As shown 1 FIG. 26(¢), the permanent
magnet group 302a 1s surrounded by (has each of its side
surfaces provided with) rectangular parallelepiped perma-
nent magnet groups 304a, 3064, 3084 and 310a. The perma-
nent magnet group 302a 1s magnetically connected with the
permanent magnet groups 304a, 306a, 308a and 310a.

As shown in FIG. 27, each of the permanent magnet groups
used 1n the magnetic field generator 300 1s an integral body
formed substantially 1n a cubic shape, of a plurality of per-
manent magnets 314 each coated with a coating material 312,
and heat conducting members 316 disposed between mutu-
ally adjacent permanent magnets 314. The coating material
312 1s made of aluminum, nickel, copper, etc, formed by
surface treatment (coating) by known method such as vapor
deposition and metal plating, to coat the permanent magnet
314 entirely. The coating material 312 has a thickness of 30
wm approx. as it coats the permanent magnet 314. By giving
the coating material 312 a thickness of 30 um approx. as
described, heat 1s conducted efficiently via the coating mate-
rial 312 to the permanent magnet 314. The material for the
coating material 312 1s not limited to aluminum, nickel, cop-
per or the like, but the material should preferably have a
thermal conductivity of 150 W/m-K. It should be noted here
that FIG. 27 shows a side surface (front surface) of the per-
manent magnet group 308a.

Returning to FIG. 26(c), with the permanent magnet group
302a 1n between, the permanent magnet groups 304a, 306qa
are disposed to face with each other. On each of the opposed
surfaces, a heat conducting member 318 1s provided. Simi-
larly, with the permanent magnet groups 302a, 304a and 306a
in between, the permanent magnet groups 308a, 310a are
disposed to face with each other, and on each of the opposed
surfaces, a heat conducting member 320 1s provided. In each
of the permanent magnet groups 308a, 3104, a heat conduct-
ing member 320 1s also provided on a surface which faces
away Irom the opposed surface. The heat conducting mem-
bers 320 provided on the opposed surfaces of the permanent
magnet groups 308a, 310a make contact with ends of the heat
conducting members 318 which are provided on the opposed
surfaces of the permanent magnet groups 304a, 306a.

Surrounds of the permanent magnet group 3025 are essen-
tially the same as of the permanent magnet group 302a, and
should be understood simply by replacing the alphabetical
code “a” with “b” 1n FIG. 26(¢), without any more descrip-
tion.

As shown 1n FIG. 26(a) and FIG. 26(b), a permanent mag-
net group 322a 1s provided between the permanent magnet
groups 308a, 3085 whereas a permanent magnet group 3225
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1s provided between the permanent magnet group 310a, 3105,
providing a space between the permanent magnet groups
302a and 3025.

With the space 1n between, the permanent magnet group
322a, 3225 are disposed to face with each other. On each of
their opposed surfaces and surfaces away from the opposed
surfaces, a heat conducting member 324 1s provided. Each
heat conducting member 324 has 1ts end contacted with an
end of the heat conducting member 320.

A heat conducting member 326 1s provided between the
permanent magnet groups 308a, 322a. The heat conducting,
member 326 which 1s provided between the permanent mag-
net groups 308a, 3224 1s flush with the heat conducting mem-
bers 320 which are faced to each other with the permanent
magnet group 308a 1n between. Likewise, heat conducting
members 326 are provided between the permanent magnet
groups 3080 and 322a, between the permanent magnet
groups 310a and 3225, and between the permanent magnet
groups 3106 and 3225b respectively.

The permanent magnet group 302a has a lower surface
provided with a ferromagnetic member 328a. Likewise, the
permanent magnet group 3025 has an upper surface provided
with a ferromagnetic member 3285. The “ferromagnetic
member” 1s a member which has a saturation magnetization
not smaller than 1.0 T. The ferromagnetic members 328a,
328b are provided for example, by electromagnetic soft 1ron,
JIS:S15C, or permendur (an Iron-Cobalt alloy).

The ferromagnetic member 328a has 1ts opposed surtace
provided with a pole piece 330a. Likewise, the ferromagnetic
member 3286 has 1ts opposed surface provided with a pole
piece 33054. In the magnetic field generator 300, a magnetic
field space 1s formed between the pole pieces 330a, 3305
inside the space. The ferromagnetic members 328a, 3285
have their respective opposed surfaces provided with heat
conducting members 332 which cover outer side surfaces of
the pole pieces 330a, 3305b.

The heat conducting member 332 which covers the outer
side surface of the pole piece 330a extends on the lower
surfaces of the permanent magnet groups 304a, 306a and of
the ferromagnetic member 328a. Likewise, the heat conduct-
ing member 332 which covers the outer side surface of the
pole piece 33056 extends on the upper surfaces of the perma-
nent magnet groups 3045, 3065 and of the ferromagnetic
member 3285.

The heat conducting members 316,318, 320,324, 326,332
are made of the same material as used for the heat conducting
member 22 described earlier.

As shownin FIG. 26(a), a tubular heater 334 1s buried in the
heat conducting member 332. Also, in the heat conducting,
member 332, a tubular temperature sensor 336 1s buried near
the tubular heater 334. The tubular heater 334 1s placed inside
an msertion hole formed in the heat conducting member 332,
without leaving any space in the insertion hole. Likewise, the
temperature sensor 336 1s placed inside an insertion hole
formed 1n the heat conducting member 332, without leaving
any space in the insertion hole. Heat generated by the tubular
heater 334 1s conducted quickly to each element of the mag-
netic field generator 300 via the heat conducting member 332.

Burying the tubular heaters 334 and the temperature sen-
sors 336 1nto the heat conducting members 332 and disposing
the temperature sensors 336 near the tubular heaters 334 as
described enable to sense the heat from the tubular heaters
334 quickly by the temperature sensors 336, and therefore to
prevent the tubular heaters 334 from generating an unneces-
sary amount of heat. Since the tubular heaters 334 are close to
cach of the permanent magnet groups in the magnetic field
generator 300, thermal demagnetization can occur 1n the per-
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manent magnets 314 which constitute the permanent magnet
groups 1f the amount of heat generated by the tubular heaters
334 becomes excessively large. However, quick sensing of
heat by the temperature sensors 336 enables to prevent this.

The permanent magnet group 302a has an upper surface
provided with a plate yoke 338a whereas the permanent mag-
net group 3025 has a lower surface provided with a plate yoke
338b. The plate yokes 338a, 33856 are connected with each
other by yokes 340a, 3405 each formed like a letter n having
two legs. The two legs on each of the yokes 340a, 3405 make
contact with heat conducting members 320 respectively. The
yokes 340a, 3406 have their side surfaces provided with
surface heaters 342. Heat generated by the surface heaters
342 1s conducted quickly via the yokes 340a, 3405 to the heat
conducting members 320, and then via the heat conducting
members 320 to each of the elements 1n the magnetic field
generator 300.

It should be noted here that each element of the magnetic
field generator 300 may be covered by a heat insulation mem-
ber, made of a vacuum insulation material for example, which
has an opening corresponding to the space.

According to the magnetic field generator 300 as
described, a coat provided by the coating material 312 on
cach of the permanent magnets 314 enables more uniform
and quicker conduction of heat from the tubular heaters 334
and surface heaters 342 to each of the permanent magnets 314
than 1n the case where the heat conducting members 316 are
placed simply between mutually adjacent permanent magnets
314. Therefore, 1t 1s possible to maintain each permanent
magnet group uniformly at a constant temperature and more
stably, and to generate a uniform magnetic field of a desired
intensity stably 1n the magnetic field generation space which
1s formed between the permanent magnet groups 302a, 3025.

Further, since heat 1s conducted easily to each of the per-
manent magnets 314 1n each of the permanent magnet groups,
it 1s possible to reduce electric power to be supplied to the
tubular heaters 334 and the surface heater 342 and to reduce
running cost.

It should be noted here that 1n the magnetic field generator
300, description was made for a case in which all of the
permanent magnets 314 are coated by the coating material
312: Alternatively, coating by the coating material 312 may
be provided only to selected permanent magnets 314 which
are considered to have relatively large influence to the mag-
netic field ntensity and umiformity of the magnetic field
intensity. Also, coating by the coating material 312 may be
provided partially on the surface of the permanent magnet
314.

Also, coating by the coating material 312 may be provided
to each of the permanent magnets 20 1n the permanent magnet
groups 16a, 165 described earlier. Likewise, coating by the
coating material 312 may be provided to each of the perma-
nent magnets 70 1n the permanent magnet groups 66a, 665
described earlier.

The present 1invention i1s applicable to any magnetic field
generators. For example, the present invention 1s applicable to
magnetic field generators disclosed 1n JP-A 2004-41715.

The present invention being thus far described and 1llus-
trated 1n detail, 1t 1s obvious that these description and draw-
ings only represent examples of the present invention, and
should not be interpreted as limiting the invention. The spirit
and scope of the present invention 1s only limited by words
used 1n the accompanied claims.

The invention claimed 1s:

1. A magnetic field generator comprising;:

a pair of magnetic poles each including a first permanent

magnet group having a plurality of permanent magnets,
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and a pole piece provided on an end surface of the first
permanent magnet group, the pole pieces being faced to
cach other with a space 1n between;

heating means for supplying heat to at least the pair of
magnetic poles; and

a heat conducting member made of anonmagnetic member
and provided between mutually adjacent permanent
magnets at least in part of the first permanent magnet
group, the heat conducting member making contact with
cach surface of the adjacent permanent magnets.

2. The magnetic field generator according to claim 1,
wherein each of the magnetic poles further includes a second
permanent magnetic group having a plurality of permanent
magnets and provided on an outer side surface of the pole
piece,

the magnetic field generator further comprising a heat con-

ducting member provided between mutually adjacent
permanent magnets at least in part of the second perma-
nent magnet group.

3. A magnetic field generator comprising:

a pair of magnetic poles each including a first permanent
magnet group having a plurality of permanent magnets,
a pole piece provided 1n an end surface of the first per-
manent magnet group, and a plurality of second perma-

nent magnet groups each including a plurality of perma-
nent magnets and provided on an outer side surface of

the pole piece, the pole pieces being faced to each other
with a space in between;

heating means for supplying heat to at least the pair of
magnetic poles; and
a heat conducting member made of anonmagnetic member
and provided between mutually adjacent second perma-
nent magnet groups at least 1in part of the second perma-
nent magnet groups, the heat conducting member mak-
ing contact with each surface of the adjacent permanent
magnet groups.
4. The magnetic field generator according to claim 1, 2 or
3, further comprising a coating material formed on at least

part of the permanent magnets and having a thermal conduc-
tivity not lower than 150 W/m-K.

5. The magnetic field generator according to claim 1, 2 or
3, further comprising a temperature sensor disposed near the
heating means.

6. The magnetic field generator according to claim 1, fur-
ther comprising a heat insulation material covering the first
permanent magnet group.

5

10

15

20

25

30

35

40

45

24

7. The magnetic field generator according to claim 6,
wherein the heat insulation material 1s provided by a vacuum
insulation material.

8. The magnetic field generator according to claim 1, fur-
ther comprising a heat storage member covering the first
permanent magnet group.

9. The magnetic field generator according to claim 8,
wherein the heat storage member includes a heat storage
material provided by an inorganic hydrated salt.

10. A magnetic field generator comprising:

a pair of magnetic poles each including a first permanent

magnet group having a plurality of permanent magnets,
a pole piece provided on an end surface of the first
permanent magnet group, and a second permanent mag-
net group including a plurality of permanent magnets
and provided on an outer side surface of the pole piece,
the pole pieces being faced to each other with a space in
between;

heating means for supplying heat to at least the pair of

magnetic poles; and

a heat conducting member made of anonmagnetic member

and provided between mutually adjacent permanent
magnets at least in part of the second permanent magnet
group, the heat conducting member making contact with
cach surface of the adjacent permanent magnets.

11. The magnetic field generator according to claim 2,
turther comprising a heat conducting member provided on at
least part of a surface of the second permanent magnet group.

12. The magnetic field generator according to claim 11,
wherein the heating means 1s buried in the heat conducting
member.

13. The magnetic field generator according to claim 10,
further comprising a heat insulation material covering the
second permanent magnet group.

14. The magnetic field generator according to claim 13,
wherein the heat mnsulation material 1s provided by a vacuum
insulation materal.

15. The magnetic field generator according to claim 10,
further comprising a heat storage member covering the sec-
ond permanent magnet group.

16. The magnetic field generator according to claim 15,
wherein the heat storage member includes a heat storage
maternal provided by an inorganic hydrated salt.

17. The magnetic field generator according to claim 1, 2 or
3, wherein the heating means 1s buried 1n the heat conducting
member.
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--1. A magnetic field generator comprising:

a pair of magnetic poles each including a first permanent magnet group having a
plurality of permanent magnets, and a pole piece provided on an end surface of the first
permanent magnet group, the pole pieces being faced to each other with a space in
between;

heating means for supplying heat to at least the pair of magnetic poles; and

a heat conducting member made of a nonmagnetic member and provided between
mutually adjacent permanent magnets at least in part of the first permanent magnet group,
the heat conducting member making contact with each surface of the adjacent permanent
magnets.

2. The magnetic field generator according to Claim 1, wherein each of the magnetic
poles further includes a second permanent magnetic group having a plurality of permanent
magnets and provided on an outer side surface of the pole piece,

the magnetic field generator further comprising a heat conducting member
provided between mutually adjacent permanent magnets at least in part of the second
permanent magnet group.

3. The magnetic field generator according to Claim 1, further comprising a heat
insulation material covering the first permanent magnet group.--

In Column 22, line 64, Item “(The invention claimed 1s:)”, through Column 24, line 46.
The attached claims are the correct allowed claims.

--4. The magnetic field generator according to Claim 3, wherein the heat insulation
material is provided by a vacuum insulation material.
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5. The magnetic field generator according to Claim 1, further comprising a heat
storage member covering the first permanent magnet group.

6. The magnetic field generator according to Claim 5, wherein the heat storage
member includes a heat storage material provided by an inorganic hydrated salt.

7. A magnetic field generator comprising:

a pair of magnetic poles each including a first permanent magnet group having a
plurality of permanent magnets, a pole piece provided on an end surtace ot the first
permanent magnet group, and a second permanent magnet group including a plurality of
permanent magnets and provided on an outer side surface of the pole piece, the pole pieces
being faced to each other with a space in between;

heating means for supplying heat to at least the pair of magnetic poles; and

a heat conducting member made of a nonmagnetic member and provided between
mutually adjacent permanent magnets at least in part of the second permanent magnet
oroup, the heat conducting member making contact with each surface of the adjacent
permanent magnets.--

In Column 22, line 64, Item “(The invention claimed 1s:)”, through Column 24, line 46.
The attached claims are the correct allowed claims.

--8. The magnetic field generator according to Claim 7, further comprising a heat
insulation material covering the second permanent magnet group.

9. The magnetic field generator according to Claim 8, wherein the heat insulation
material is provided by a vacuum insulation material.

10. The magnetic field generator according to Claim 7, further comprising a heat
storage member covering the second permanent magnet group.

11. The magnetic field generator according to Claim 10, wherein the heat storage
member includes a heat storage material provided by an inorganic hydrated salt.--

In Column 22, line 64, Item “(The invention claimed 1s:)”, through Column 24, line 46.
The attached claims are the correct allowed claims.

--12. A magnetic field generator comprising:

a pair of magnetic poles each including a first permanent magnet group having a
plurality of permanent magnets, a pole piece provided in an end surface of the first
permanent magnet group, and a plurality of second permanent magnet groups each
including a plurality of permanent magnets and provided on an outer side surface of the
pole piece, the pole pieces being faced to each other with a space in between;

heating means for supplying heat to at least the pair of magnetic poles; and

a heat conducting member made of a nonmagnetic member and provided between
mutually adjacent second permanent magnet groups at least in part of the second
permanent magnet groups, the heat conducting member making contact with each surface
of the adjacent second permanent magnet groups.
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13. The magnetic field generator according to Claim 12, further comprising a heat
conducting member provided on at least part of a surface of the second permanent magnet
group.

14. The magnetic field generator according to Claim 13, wherein the heating means
is buried in the heat conducting member.--

In Column 22, line 64, Item “(The invention claimed 1s:)”, through Column 24, line 46.
The attached claims are the correct allowed claims.

--15. The magnetic field generator according to Claim 1, 7 or 12, wherein the
heating means is buried in the heat conducting member.

16. The magnetic field generator according to Claim 1, 7 or 12, further comprising
a coating material formed on at least part of the permanent magnets and having a thermal
conductivity not lower than 150W/m - K.

17. The magnetic field generator according to Claim 1, 7 or 12, further comprising
a temperature sensor disposed near the heating means.--
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